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FIG. 13
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1
OPTICAL FILM AND LIGHTING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a Continuation Application of U.S.
application Ser. No. 12/906,572 filed Oct. 18, 2010 now U.S.
Pat. No. 8,517,552, which claims priority from Korean Appli-
cation No. 10-2009-0099292, No. 10-2009-0099293 and No.
10-2009-0099294 filed on Oct. 19, 2009 and No. 10-2010-

0033023 filed on Apr. 10, 2010, the subject matters of which
are incorporated herein by reference.

BACKGROUND

1. Field

Embodiments may relate to an optical film and a lighting
device.

2. Background

A light emitting diode (hereinafter, referred to as LED) 1s a
semiconductor element for converting electric energy into
light. As compared with existing light sources such as a fluo-
rescent lamp and an incandescent electric lamp and so on, the
LED has advantages of low power consumption, a semi-
permanent span of life, a rapid response speed, safety and an
environment-friendliness. For this reason, many researches
are devoted to substitution of the existing light sources with
the LED. The LED 1s now increasingly used as a light source
for lighting devices, for example, various lamps used inter-
orly and exteriorly, a liquid crystal display device, an electric
sign and a street lamp and the like.

SUMMARY

One embodiment 1s an optical film. The optical film com-
prises a base film including a material having optical trans-
mittance and a thermal resistance; a matrix layer disposed on
the base film and comprising a fluorescent material; and a
viscous layer disposed on the matrix layer and including a
maternial having adhesive property, wherein a thickness of the
viscous layer 1s from 20 um to 100 um.

Another embodiment 1s a lighting device. The lighting
device comprises a light emitting chip; and an optical film
disposed on the light emitting chip, wherein the optical film
comprising: a base {ilm including a material having optical
transmittance and a thermal resistance; a matrix layer dis-
posed on the base film and comprising a fluorescent materal;
and a protective layer disposed on the matrix layer and includ-
ing a material having adhesive property, wherein the matrix
layer has an optical transmittance over 80%, and has a vis-
cosity over 3,000 cp.

Further another embodiment 1s a lighting device. The light-
ing device comprises a light emitting chip; and an optical film
disposed on the light emitting chip, wherein the optical film
comprises a base film comprising a material having optical
transmittance; a matrix layer disposed on the base film, and
comprising a fluorescent material; a protective film disposed
on the matrix layer in order to protect the matrix layer, and
comprising a material having optical transmittance; and a
protective layer disposed between the matrix layer and the
protective film, comprising a material having adhesive prop-
erty, and protecting the fluorescent material of the matrix
layer.

BRIEF DESCRIPTION OF THE DRAWINGS

Arrangements and embodiments may be described 1in
detail with reference to the following drawings in which like
reference numerals refer to like elements and wherein:
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FIG. 1 1s a cross sectional view of an optical film according,
to a first embodiment.

FIGS. 2 to 5 are views for describing a method fabricating
tor the optical film according to the first embodiment.

FIG. 6 1s a cross sectional view of an optical film according,
to a second embodiment.

FIG. 7 1s a flowchart showing a method for fabricating the
optical film according to the first embodiment.

FIG. 8 1s a cross sectional view of an optical film according
to a third embodiment.

FIGS. 9 to 11 are views for describing a method for fabri-
cating the optical film according to the third embodiment.

FI1G. 12 1s a flowchart showing a method fabricating for the
optical film according to the third embodiment.

FIG. 13 1s a view showing a light emitting device according,
to the embodiment.

FIG. 14 1s a table showing kinds and amounts of fluorescent
materials based on color temperatures of the light emitting,
device.

FIGS. 15 to 20 are graphs showing a color rendering index
(CRI) change of the light emitting device.

FIG. 21 1s a view showing a light unit including the light
emitting device.

DETAILED DESCRIPTION

Hereinafter, an embodiment will be described in detail
with reference to the accompanying drawings.

It will be understood that when an element 1s referred to as
being ‘on’ or “under” another element, 1t can be directly
on/under the element, and one or more intervening elements
may also be present.

First Embodiment

FIG. 1 1s a cross sectional view of an optical film 1 accord-
ing to a first embodiment.

Referring to FIG. 1, the optical film 1 includes a base film
10, amatrix layer 20 on the base film 10, a protective layer 30
on the matrix layer 20, a protective film 40 on the protective
layer 30, an adhesive member 50 on the protective film 40 and
a release film 60 on the adhesive member 30.

The matrix layer 20 includes a fluorescent material. The
fluorescent material 1s excited by a first light emaitted by a light
source and emits a second light.

That 1s, the optical film 1 has a function capable of chang-
ing the wavelength of light emitted from the light source and
externally emitting the light.

Therelore, the optical film 1 1s applied to light sources of
various lighting devices, a backlight unit, a light emitting
clement, a display device and the like and 1s used to generate
light having various wavelengths or to improve a color ren-
dering index (CRI) of the light source.

Hereinatter, components of the optical film 1 will be
described 1n detail.

It 1s desired that the base film 10 1s made of a resin material
having an excellent optical transmittance and a thermal resis-
tance. For example, the base film 10 1s made of materials
selected from a group consisting of polyethylene terephtha-
late (PET), polyethylene naphthalate (PEN), an acrylic resin,
polycarbonate (PC), polystyrene (PS) and polymethyl meth-
acrylate (PMMA), etc.

More specifically, the material of the base film 10 1s deter-
mined based on the use of the optical film 1. For example, i
a high optical transmittance 1s required, the PET having an
optical transmittance over 90% can be used. If a thermal
resistance and chemical resistance are required, the base film
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10 can be made of polycarbonate. However, there 1s no limait
to the material of the base film 10.

The base film 10 has a thickness within a range, for
example, between 10 um and 3500 um, and preferably,
between 20 um and 30 um. Because while the base film 10
having a thickness between 10 um and 500 um 1s easy to
handle and has an excellent optical transmittance, base film
10 having a thickness between 20 um and 30 um 1s easier to
handle and has a more excellent optical transmittance. How-
ever, there 1s no limit to the thickness of the base film 10.

The matrix layer 20 1s formed on the base film 10.

It 1s desired that the matrix layer 20 1s made of a material
having an excellent optical transmittance, a viscosity, a curing,
temperature and so on because the optical film 1 may be
applied to a light source emitting light at the high temperature
and 1s required to maintain the excellent optical transmit-
tance, a viscosity and hardness even at a high temperature.

More specifically, since the matrix layer 20 has an optical
transmittance over 80%, 1s cured at a temperature lower than
120° C. and has a viscosity over 3,000 cp, the matrix layer 20
can be made of a material more adhesive to the base film 10.
For example, the matrix layer 20 1s made of at least one of a
resin material and a silicon material, preferably, the silicone
resin.

The matrix resin film 20 has a thickness within a range
between 20 um and 500 um, and preterably, between 30 um
and 50 um. The matnx layer 20 having such a thickness
allows the following fluorescent material, a diffusing agent
and an antifoaming agent to be easily mixed therewith, allows
light to stably transmit and 1s readily applied on the base film
10.

The matrix layer 20 includes a fluorescent material. The
fluorescent matenal 1s, for example, mixed with the liquefied
matrix layer 20 and 1s agitated by using an agitator. As such,
the fluorescent material 1s included in the matrix layer 20.

The fluorescent material 1s excited by a first light emitted
by a light source and emits a second light. For example, at
least one of a silicate based material, a sulfide based material,
a YAG series and a TAG based material 1s used as the fluo-
rescent material.

The fluorescent material 1s excited by the first light emitted
from a light source and includes at least one of yellow, red,
green and blue fluorescent materials, each of which emuits
yellow, red, green and blue lights respectively. There 1s no
limit to the kind of the fluorescent material.

Meanwhile, CaS:Eu that 1s a kind of inorganic fluorescent
material of the sulfide based material 1s representatively used
to emit deep red light. At least one of SrS:Fu and MgS:Fu of
the sulfide based material 1s used as an orange color fluores-
cent material. SrGa254:Eu2+ of the sulfide based matenal 1s
used as a green tluorescent material.

The matrix layer 20 includes the fluorescent materials hav-
ing various kinds and amounts 1n accordance with a light
source to which the optical film 1 1s applied.

For example, when the optical film 1 1s applied to white
light source, the matrix layer 20 includes green and red fluo-
rescent materials. With respect to 100 weight percent of the
matrix layer 20, the matrix layer 20 includes 1 to 60 weight
percent of the green fluorescent material and 1 to 60 weight
percent of the red fluorescent matenal.

In addition, when the optical film 1 1s applied to blue light
source, the matrix layer 20 includes green, yellow and red
fluorescent materials. With respect to 100 weight percent of
the matrix layer 20, the matrix layer 20 includes 1 to 60
weight percent of the green fluorescent material, 1 to 60
weilght percent of the yellow fluorescent material and 1 to 60
weilght percent of the red fluorescent material.
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As such, the kind and amount of the fluorescent material
included in the matrix layer 20 varies depending on the kind
of a light source. There 1s no limit to the kind and amount of
the fluorescent material.

Meanwhile, the matrix layer 20 further includes at least one
of the diffusing agent, the antifoaming agent, an additive and
a curing agent.

The diffusing agent scatters and diffuses light incident on
the matrix layer 20. The diffusing agent includes, for
example, at least one of S102, 'T102, ZnO, BaS04, CaS04,
Mg(CO3, AI{OH)3, synthetic silica, glass beads and diamond.

However, there 1s no limit to the kind of the diffusing agent.

The particle of the diffusing agent 1s determined to have an
appropriate size for diffusion of light, for example, a diameter
of from 5 um to 7 um.

The antifoaming agent removes the foams 1n the matrix
layer 20 and improves the reliability of the optical film 1.
Particularly, the antifoaming agent is able to solve the prob-
lem of the foams generated during the process of applying the
matrix layer 20 on the base film 10 by a screen printing
method.

The antifoaming agent includes at least one of octanol,
sikeulroheksanol, ethylene glycol or various surface active
agents. However, there 1s no limit to the kind of the antifoam-
ing agent.

The curing agent cures the matrix layer 20. The additive 1s
used for umiformly dispersing the fluorescent maternial in the
matrix layer 20.

—

T'he protective layer 30 1s formed on the matrix layer 20.

-

T'he protective layer 30 1s made of a resin material or/and a
silicon material having an excellent optical transmittance, a
thermal resistance and adhesiveness.

In particular, it 1s desired that the protective layer 30 1s
made of a material more adhesive to the protective film 40
tormed on the protective layer 30. For example, the protective
layer 30 1s formed of a silicone resin having an optical trans-
mittance over 80%, an excellent thermal resistance and adhe-
SIVENESS.

The protective layer 30 has a thickness within a range, for
example, between 20 um and 50 um. However, there 1s no

limat to the thickness of the protective layer 30.

If the protective film 40 1s formed directly on the matrix
layer 20, there 1s an insuilicient adhesive strength between the
matrix layer 20 and the protective film 40. As a result, the two
layers are separated from each other and water permeates a
space between the two layers. This may be a factor causing
the reliability of the optical film to be degraded.

Accordingly, 1n the embodiment, the protective layer 30 1s
formed between the matrix layer 20 and the protective film
40, allowing the matrix layer 20 to be strongly adhered to the
protective film 40 and improving the reliability of the optical
film 1.

More specifically, first, the protective layer 30 1n a B-stage
state 1s applied on the matrix layer 20. Then after the protec-
tive film 40 1s adhered on the protective layer 30 1n a B-stage
state, the protective layer 30 1s cured. Consequently, the pro-
tective 11lm 40 1s securely adhered on the protective layer 30
and the reliability of the optical film 1 1s improved.

Moreover, when the protective layer 30 1s formed in the
same manner as that of the embodiment, there 1s an effect of
protecting the fluorescent material included 1n the matrix
layer 20. That 1s, the protective layer 30 performs a function
of mitigating the transier of the heat generated by the light
source to the fluorescent material, allowing the fluorescent
material to be less degraded by the heat. Particularly, sincered
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fluorescent material 1s generally vulnerable to heat, 1t 1s pos-
sible to more surely protect the fluorescent material by means
of the protective layer 30.

The protective film 40 1s formed on the protective layer 30.
The protective film 40 protects the matrix layer 20, improving >
the reliability of the optical film 1.

The protective film 40 1s made of the same material as that
of the base film 10. For example, the protective layer 40 1s
made of matenials selected from a group consisting of poly-
cthylene terephthalate (PET), polyethylene naphthalate
(PEN), an acrylic resin, polycarbonate (PC), polystyrene (PS)
and polymethyl methacrylate (PMMA), etc.

In addition, the protective film 40 has a thickness within a
range, for example, between 10 um and 500 um, and prefer-
ably, 25 um.

The adhesive member 50 1s formed on the protective film
40

The adhesive member 50 includes a body layer 51, a first
adhesive layer 52a and a second adhesive layer 52b. 20
The second adhesive layer 525 1s formed between the body
layer 51 and the protective film 40 and allows the two layers

to be adhered to each other.

Additionally, the first adhesive layer 52a 1s formed on the
body layer 51 and allows the optical film 1 to be adhered to an 25
external light source.

The adhesive member 50 can be separately provided and
adhered to the protective film 40. Otherwise, the adhesive
member 50 can be formed by stacking the second adhesive
layer 525, the body layer 51 and the first adhesive layer 52a1n 30
the order specified. There 1s no limait to a method of forming
the adhesive member 50. When the adhesive member 50 1s not
required, the adhesive member 50 may not be formed. There
1s no limit to a method of forming the adhesive member 30.

The release film 60 1s formed on the adhesive member 50. 35
The release film 60 prevents the first adhesive layer 52a from
being dried by air, etc., and from losing the adhesive strength.
After removing the release film 60, the optical film 1 1s
adhered to a light source and the like.

Hereinatter, a method for fabricating the optical film 1 will 40
be described 1n detail. However, the repetitive description of
the foregoing description will be briefly described or omitted.

FIGS. 2 to 5 show a method for fabricating the optical film
1. FIG. 7 1s a flowchart showing a method for fabricating the
optical film 1. 45

Referring to FIG. 2, the base film 10 1s provided (S101 of
FIG. 7). The matrix layer 20 1s formed on the provided base

film 10 (S102 of FIG. 7).

The material and size of the base film 10 1s determined
according to the kind of a light source to which the optical 50
film 1 1s applied.

The matrix layer 20 1s formed on the base film 10.

The matrix layer 20 1s formed, for example, by forming a
liquefied matrix resin formed through the mixture and agita-
tion of a silicone resin and a fluorescent material and by 55
applying the liquefied matrix resin on the base film 10.

The matrix layer 20 1s formed, for example, by applying
and curing the liquefied matrix resin on the base film 10
through use of a screen printing method, a slit coating method
and aroll coating method, etc. The matrix layer 20 1s dried and 60
cured at a temperature of about 100° C. by using a microwave
and an infrared drier, etc., or 1s cured by adding the curing
agent.

Referring to FIGS. 3 and 4, the protective layer 30 1s
formed on the matrix layer 20 (S103 of FIG. 7). The protec- 65
tive film 40 1s formed on the protective layer 30 (5104 of FIG.

7).
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The protective layer 30 1n a B-stage state 1s applied on the
matrix layer 20. Then after the protective film 40 1s adhered on
the protective layer 30 1n a B-stage state, the protective layer
30 1s cured. Consequently, the protective film 40 1s securely
adhered on the protective layer 30 and the reliability of the
optical film 1 1s improved.

The protective layer 30 1s cured by adding the curing agent
or 1s dried at a temperature of about 100° C. by using a
microwave and an infrared drier, etc.

The protective layer 30 1s made of a resin material or/and a
silicon material having an excellent optical transmittance, a
thermal resistance and adhesiveness. The protective layer 30
has a thickness within a range between 20 um and 50 pum.

The protective film 40 1s made of the same material as that
of the base film 10. The protective film 40 has a thickness
within a range, for example, between 10 um and 500 um.

Referring to FIG. 5, the optical film 1 according to the

embodiment 1s provided by forming the adhesive member 50
and the release film 60 on the protective 1ilm 40 (S105 of FIG.

7).

The adhesive member 50 can be separately provided and
adhered to the protective film 40. Otherwise, the adhesive
member 50 can be formed by stacking the second adhesive
layer 525, the body layer 51 and the first adhesive layer 52a 1n
the order specified. There 1s no limit to a method of forming
the adhesive member 50. When the adhesive member 50 1s not
required, the adhesive member 50 may not be formed. There
1s no limit to a method of forming the adhesive member 50.

The release film 60 prevents the first adhesive layer 52a
from being dried by air, etc., and losing the adhesive strength.
After removing the release film 60, the optical film 1 1s
adhered to a light source and the like.

In the meantime, for the purpose of improving the reliabil-
ity of the optical film 1, 1t 1s possible to perform a post-
treatment process ol heating the optical film 1 at a tempera-
ture of from 50° C. to 100° C. for one hour to twenty four
hours.

Second Embodiment

Herematter, an optical film 2 according to a second
embodiment and a method for fabricating the same will be
described in detail. In the description of the second embodi-
ment, repetitive descriptions thereol will be omutted.

FIG. 615 a cross sectional view of the optical film according
to the second embodiment. The optical {ilm 2 according to the
second embodiment 1s different from the optical film 1
according to the first embodiment 1n that the optical film 2
does not include the protective film.

Reterring to FIG. 6, the optical film 2 includes a base film
10, amatrix layer 20 on the base film 10, a protective layer 30
on the matrix layer 20, an adhesive member 50 on the protec-
tive layer 30 and a release film 60 on the adhesive member 50.

The adhesive member 50 1s formed directly on the protec-
tive layer 30. In other words, the protective film shown in the
first embodiment 1s not formed.

Since the separate protective film 1s not formed, the pro-
tective layer 30 1s formed thicker than that of the first embodi-
ment. Therefore, the reliability of the optical film 2 can be
obtained. For example, the protective layer 30 has a thickness
within a range between 20 um and 100 um. There 1s no limit
to the thickness of the protective layer 30.

Third Embodiment

FIG. 8 1s a cross sectional view of an optical film 3 accord-
ing to a third embodiment.
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Referring to FI1G. 8, the optical film 3 includes a base film
10, a matrix layer 20 on the base film 10, a viscous layer 30qa
on the matrix layer 20, and a release film 60 on the viscous
layer 30a.

Since the base film, the matrix layer and the release film
have been already described in the optical film of the first
embodiment, descriptions thereabout will be omitted.

The viscous layer 30a 1s formed on the matrix layer 20. The
viscous layer 30a has an excellent optical transmittance and
thermal resistance, and particularly 1s made of aresin material
or/and a silicon material having an excellent viscosity.

For example, the viscous layer 30a may be formed of a
s1licone resin, more preferably, a solvent type silicone resin
including toluene. Since the silicone resin including the tolu-
ene has not only excellent viscosity but also high optical
transmittance, another adhesive member for adhering the
optical film 2 to a light source, etc., 1s not required.

In other words, through the formation of the viscous layer
30a, 1t 1s possible to simplify the manufacturing process of the
optical film 1, to allow the optical film 2 to be thinner, and to
hereby reduce the amount of loss of light transmitting the
optical film 2. The optical transmittance of the silicone resin
including the toluene may be at least more than 90%, and
viscosity of the silicone resin may be between 2,000 cp (cen-
tipoises) and 10,000 cp.

Meanwhile, 1t1s preferable that the thickness of the viscous
layer 30a 1s, for example, from 20 um to 100 um.

The viscous layer 30q having such a thickness functions to
absorb heat which 1s generated by the light source and 1s
transferred to the fluorescent material included 1n the matrix
layer 20, thus reducing the degradation of the fluorescent
material. In particular, since a red fluorescent material 1s
vulnerable to heat, the red fluorescent material can be more
clearly protected by the viscous layer 30a.

Regarding the viscous layer 30q including volatile toluene,
alter the viscous layer 30q 1s formed 1n a state of B-stage on
the matrix layer 20, the viscous layer 30a can be cured by
heating and drying through the use of a microwave, an inira-
red drier, etc., instead of a separate curing agent. Further, the
viscous layer 30a can be cured by adding the curing agent.
However, there 1s no limit to a method of curing the viscous
layer 30a.

The release film 60 1s formed on the viscous layer 30a. The
release film 60 1s able to prevent the viscous layer 30a from
being exposed to the air, etc., and losing an adhesive strength.
The optical film 2 can be adhered to a light source and the like
alter removing the release film 60.

Hereinafter, a method for fabricating the optical film 3 waill
be described 1n detail. However, the repetitive description of
the foregoing description will be briefly described or omatted.

FIGS. 9 to 11 are views for describing a method fabricating

tor the optical film 3 according to the third embodiment. FIG.
12 1s a tlowchart showing a method fabricating for the optical
film 3.

Referring to FIG. 9, the base film 10 1s provided (S101 of
FIG. 12). The matrix layer 20 1s formed on the base film 10
(S102 of F1G. 12).

The material and size of the base film 10 1s selected and
provided according to the kind of a light source to which the
optical film 3 1s applied.

The matrix layer 20 1s formed on the base film 10.

For example, the matrix layer 20 1s formed, for example, by
forming a liquefied matrix resin formed through the mixture
and agitation of a silicone resin and a fluorescent material,
etc., and then by applying the liquefied matrix resin on the

base film 10.
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The matrix layer 20 1s formed, for example, by applying
and curing the liquefied matrix resin on the base film 10
through use of a screen printing method, a slit coating method
and aroll coating method, etc. The matrix layer 20 1s dried and
cured at a temperature of about 100° C. by using a microwave
and an infrared drier, etc., or 1s cured by adding the curing
agent.

Referring to FI1G. 10, the viscous layer 30a may be formed
on the matrix layer 20 (5103 of FI1G. 12).

The viscous layer 30a has an excellent optical transmit-
tance and thermal resistance, and particularly 1s made of a
resin material or/and a silicon material having an excellent
viscosity. For example, the viscous layer 30a may be formed
ol a silicone resin, more preferably, a solvent type silicone
resin including toluene.

It 1s preferable that the viscous layer 30q 1s formed having,
a thickness o1 20 um to 100 um. The viscous layer 30a having
such a thickness functions to absorb heat which 1s generated
by the light source and 1s transierred to the fluorescent mate-
rial included 1n the matrix layer 20, thus reducing the degra-
dation of the fluorescent material.

Regarding the viscous layer 30a including volatile toluene,
after the viscous layer 30a 1s formed 1n a state of B-stage on
the matrix layer 20, the viscous layer 30a can be cured by
heating to about 100° C. and drying through the use of a
microwave, an infrared drier, etc., instead of a separate curing
agent. However, there 1s no limit to a method of curing the
viscous layer 30a.

Through the formation of the viscous layer 304, the optical
f1lm 3 according to the embodiment has a small thickness, an
improved optical transmittance and 1ts simplified manufac-
turing process.

Referring to FIG. 11, the optical film 3 according to the
embodiment can be provided by forming the release film 60
on the viscous layer 30a (5104 of FI1G. 12).

The release film 60 1s able to prevent the viscous layer 30a
from being exposed to the outside and losing a viscosity. The
optical film 3 1s adhered to a light source by removing the
release film 60.

In the meantime, for the purpose of improving the reliabil-
ity of the optical film 3, 1t 1s possible to perform a post-
treatment process of heating the optical film 3 at a tempera-
ture of from 50° C. to 100° C. for one hour to twenty four
hours.

FIG. 13 1s a view showing a light emitting device according
to the embodiment.

Referring to FIG. 13, the light emitting device includes a
light emitting chip 100 and any one of the optical films 1, 2
and 3 which have been described 1n the first to the third
embodiments and 1nclude at least one sort of a fluorescent
material excited by light emitted from the light emaitting chip
100.

The light emitting chip 100 may i1nclude, for example, a
light emitting diode (hereinafter, referred to as LED). How-
ever, there 1s no limit to the kind of the light emitting chip 100.

The LED may include, for example, red, green, blue or
white light emitting diode, each of which emits a red light, a
green light, a blue light or a white light respectively.

In general, the LED 1s a kind of a semiconductor device
generating light 1n accordance with an energy band gap dii-
ference between mitride semiconductor layers. Since the LED
generates only light having a predetermined wavelength band
according to the energy band gap difference, the LED has a
low color rendering index (CRI) and 1s difficult to be applied
to generate high-quality light.

Therefore, 1n the embodiment, a high color rendering index
(CRI), for example, a color rendering index (CRI) between 85
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and 100 may be obtained by transmitting light emitted from
the light emitting chip 100 to the optical films 1, 2 and 3.

In other words, the light transmitting through the optical
films 1, 2 and 3 excites at least one kind of the fluorescent
material included in the optical film 1 and generates an
excited light. The excited light may cause the color rendering
index (CRI) of the light emitted from the light emitting chip
100 to be improved.

Meanwhile, the kind and amount of the fluorescent mate-
rial included in the optical films 1, 2 and 3 may be selected
based on a color temperature of the light generated by the
light emitting chip 100.

FI1G. 14 1s a table showing kinds and amounts of fluorescent
materials included in the optical film 1 1n accordance with
color temperatures of the light emitting chip 100. FIGS. 15 to
20 are graphs showing a color rendering index (CRI) change
of the light emitting device when the optical film 1 1s applied.

Referring to FIGS. 14, 15 and 16, when the color tempera-
ture of the light emitting chup 100 1s 3,000 K, with respect to
100 weight percent of the matrix layer 20, the optical film 1
may include 30 to 40 weight percent of the red (R) fluorescent
material having a dominant wavelength of 650 nm and 30 to
40 weight percent of the green (G) fluorescent material hav-
ing a dominant wavelength of 515 nm.

As shown 1n FIG. 15, regarding the light emitted from the
light emitting chip 100, the intensities of the lights at the
vicinity of 515 nm and 650 nm are relatively low, and the
lights have hereby low color rendering indexes (CRI). There-
tore, the optical film 1 1includes the red (R) fluorescent mate-
rial having a dominant wavelength of 650 nm and the green
(G) fluorescent material having a dominant wavelength of
515 nm, thereby allowing the light emitting device to have a
color rendering index (CRI) of about 92 as shown in FIG. 16.

Referring to FIGS. 14, 17 and 18, when the color tempera-
ture of the light emitting chup 100 1s 4,000 K, with respect to
100 weight percent of the matrix layer 20, the optical film 1
may include 15 to 25 weight percent of the red (R) fluorescent
material having a dominant wavelength of 650 nm and 135 to
25 weight percent of the green (G) fluorescent material hav-
ing a dominant wavelength of 515 nm.

As shown 1n FIG. 17, regarding the light emitted from the
light emitting chip 100, the intensities of the lights at the
vicinity of 515 nm and 650 nm are relatively low, and the
lights have hereby low color rendering indexes (CRI). There-
fore, the optical film 1 includes the red (R) fluorescent mate-
rial having a dominant wavelength of 650 nm and the green
(G) fluorescent material having a dominant wavelength of
515 nm, thereby allowing the light emitting device to have a
color rendering index (CRI) of about 90 as shown in FIG. 18.

Referring to FIGS. 14, 19 and 20, when the color tempera-
ture of the light emitting chup 100 1s 5,000 K, with respect to
100 weight percent of the matrix layer 20, the optical film 1
may include 5 to 15 weight percent of the red (R) fluorescent
material having a dominant wavelength of 650 nm and 8 to 18
weight percent of the green (G) fluorescent material having a
dominant wavelength of 515 nm.

As shown 1n FIG. 19, regarding the light emitted from the
light emitting chip 100, the intensities of the lights at the
vicinity of 315 nm and 650 nm are relatively low, and the
lights have hereby low color rendering indexes (CRI). There-
fore, the optical film 1 includes the red (R) fluorescent mate-
rial having a dominant wavelength of 650 nm and the green
(G) fluorescent material having a dominant wavelength of
515 nm, thereby allowing the light emitting device to have a
color rendering index (CRI) of about 92 as shown in FIG. 20.

However, the kind and the amount of the fluorescent mate-
rial can be changed according to the kind and the color tem-
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perature of the light emitting chip 100. There 1s no limat to the
kind and the amount of the fluorescent materal.

FIG. 21 1s a view showing a light unit including the light
emitting device.

Reterring to FIG. 21, the light unit includes the light emit-
ting chip 100, the optical films 1, 2 and 3 including at least one
sort of a fluorescent material excited by light emaitted from the
light emitting chip 100, and an optical diffuser diffusing the
light passing through the optical films 1, 2 and 3.

Here, the optical diffuser includes a light guide plate 200
allowing the light passing through the optical films 1, 2 and 3
to be used as a surface light source, a diffusion sheet 400
being formed on the light guide plate 200 and diffusing the
light, and a reflective sheet 300 being formed under the light
guide source 200 and reflecting the light to the light emitting

surface of the light guide plate 200.

As shown, the optical films 1, 2 and 3 are formed between
the light emitting chip 100 and the light guide plate 200. Here,
the optical films 1, 2 and 3 are adhered to the light emitting
surface of the light emitting chip 100 or to the light guide plate
200. The object to which the optical films 1, 2 and 3 are
adhered 1s not limited to this.

Meanwhile, a method by which the light unit provides light
1s not limited to an edge method. The light unit 1s also able to
provide light by a top view method.

Since the light umit includes the light emitting chip 100 and
the optical films 1, 2 and 3, the light unit 1s able to provide
light having a high color rendering index (CRI) and a high
quality. Moreover, through use of the optical films 1, 2 and 3,
it 1s possible to minimize the number of the light emitting chip
100 required for implementing a high color rendering index
(CRI).

The features, structures and eftects and the like described
in the embodiments are included 1n at least one embodiment
ol the present invention and are not necessarily limited to one
embodiment. Furthermore, the features, structures and
eifects and the like provided 1n each embodiment can be
combined or modified 1n other embodiments by those skilled
in the art to which the embodiments belong. Theretfore, the
contents related to the combination and modification should
be construed to be included 1n the scope of the present inven-
tion.

The foregoing embodiments and advantages are merely
exemplary and are not to be construed as limiting the present
invention. The present teaching can be readily applied to
other types of apparatuses. The description of the foregoing
embodiments 1s intended to be 1llustrative, and not to limit the
scope of the claims. Many alternatives, modifications, and
variations will be apparent to those skilled 1n the art. In the
claims, means-plus-function clauses are intended to cover the
structures described herein as performing the recited function
and not only structural equivalents but also equivalent struc-
tures.

What 1s claimed 1s:

1. An optical film comprising;:

a base film i1ncluding a material having optical transmit-
tance and a thermal resistance:

a matrix layer disposed on the base film and comprising a
fluorescent material; and

a viscous layer disposed on the matrix layer and including
a material having adhesive property,

wherein a thickness of the viscous layer 1s from 20 um to
100 um.

2. The optical film of claim 1, wherein the fluorescent

material comprises a red fluorescent material.
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3. The optical film of claim 1, wherein the viscous layer
having a viscosity between 2,000 cp and 10,000 cp on the
matrix layer.

4. The optical film of claim 1, wherein the viscous layer
comprises a silicone resin comprising toluene.

5. The optical film of claim 1, wherein an optical transmit-
tance of the viscous layer 1s at least 90%.

6. A lighting device comprising:

a light emitting chip; and

an optical film disposed on the light emitting chip,

wherein the optical film comprising;:

a base film including a material having optical transmit-

tance and a thermal resistance;

a matrix layer disposed on the base film and comprising a

fluorescent material; and

a protective layer disposed on the matrix layer and includ-

ing a material having adhesive property,

wherein the matrix layer has an optical transmittance over

80%, and a viscosity over 3,000 cp.

7. The lighting device of claim 6, wherein a thickness of the
matrix layer 1s between about 20 um and 3500 um.

8. The lighting device of claim 6, wherein the matrix layer
comprises at least of a red fluorescent material and a green
fluorescent material.

9. The lighting device of claim 8, wherein the red fluores-
cent material has a dominant wavelength of 650 nm and the
green fluorescent maternial has a dominant wavelength of 515
nm.

10. The lighting device of claim 9, wherein, when a color
temperature of the light emitting chip 1s 3,000 K, with respect
to 100 weight percent of the matrix layer, 30 to 40 weight
percent of the red fluorescent material and 30 to 40 weight
percent of the green fluorescent material are comprised 1n the
optical film.

11. The lighting device of claim 9, wherein, when a color
temperature of the light emitting chip 1s 4,000 K, with respect
to 100 weight percent of the matrix layer, 15 to 25 weight
percent of the red fluorescent material and 15 to 25 weight
percent of the green fluorescent material are comprised 1n the
optical film.

12. The lighting device of claim 9, wherein, when a color
temperature of the light emitting chip 1s 5,000 K, with respect
to 100 weight percent of the matrix layer, 5 to 15 weight
percent of the red fluorescent material and 8 to 18 weight
percent of the green fluorescent material are comprised 1n the
optical film.

13. The lighting device of claim 6, wherein light emitting
chip emits a white light, wherein the matrix layer comprises
green and red fluorescent materials, and wherein with respect
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to 100 weight percent of the matrix layer, the matrix layer
includes 1 to 60 weight percent of the green fluorescent mate-
rial and 1 to 60 weight percent of the red fluorescent material.

14. The lighting device of claim 6, wherein light emitting
chip emits a blue light, wherein the matrix layer comprises
green, yellow and red fluorescent materials, and wherein with
respect to 100 weight percent of the matrix layer 20, the
matrix layer 20 includes 1 to 60 weight percent of the green
fluorescent maternial, 1 to 60 weight percent of the yellow
fluorescent material and 1 to 60 weight percent of the red
fluorescent material.

15. The lighting device of claim 6, wherein the matrix layer
comprises at least one of a diffusing agent diffusing light, an
antifoaming agent removing foams, an additive dispersing
unmiformly the fluorescent material in the matrix layer and a
curing agent curing the matrix layer.

16. A lighting device comprising:

a light emitting chip; and

an optical film disposed on the light emitting chip,
wherein the optical film comprising:

a base f1lm comprising a material having optical transmit-
tance;

a matrix layer disposed on the base film, and comprising a
fluorescent material;

a protective film disposed on the matrix layer in order to
protect the matrix layer, and comprising a material hav-
ing optical transmittance; and

a protective layer disposed between the matrix layer and
the protective film, comprising a material having adhe-
stve property, and protecting the fluorescent material of
the matrix layer.

17. The lighting device of claim 16, wherein the optical
film further comprises an adhesive member, and wherein the
adhesive member comprising;:

a body layer;

a first adhesive layer disposed on the body layer; and

a second adhesive layer disposed between the protective
film and the body layer.

18. The lighting device of claim 16, wherein a maternial of
the base film 1s a polyethylene terephthalate (PET) having an
optical transmittance over 90%.

19. The lighting device of claim 16, wherein a maternal of
the protective film 1s same as the material of the base film.

20. The lighting device of claim 16, wherein the base film
has a thickness between 20 um to 30 um.
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